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a^ZZ „SH ?l J? 8 * and repre3ented »>y a radius on a phase plane and a phase moduteted 

s.gnal into first and second reproduced main data signal and a reproduced subdata signal. 
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W A^^™^S R n5^^.S F PR0DUC,NG A COMPOSITE MODULATED SIGNAL COMPRISING 
A QUADRATURE AMPLITUDE MODULATED COMPONENT AND A PHASE MODULATED COMPONENT 



Background of the Invention: 

This invention rotates te a multilevel modulator capable of producing a composite modulated signal in 

ZZLtVJ!^ 3 ^ S, ' 9^a, " d to 3 mm[ °™ 1 Modulator for u I! t a 
counterpart of the multilevel modulator, 

i^r^ IeV l rT ^!i latin9 / yStem o****** described is exemplified in United States Patent No. 
SS2»"S2 ^7 ' B85 ' 40 YaSUharu Yoshida « «» applicant and assigned to NEC 

* """P 03 * 9 PSK * PSK ^dating system which comprises a 2"-phase PSK 
modulated component carry,ng the main data signal and a 2-phase PSK modulated component canying the 

fwtS 7£ I^LT^S IS" lnte9er - * ^ *" ™" data s.gnaThas a 
Pf^S,.l ^^L ?T bft ft 0f subdata a '9 naI - *» a -^u't the subdata signal can be 
effectively transmitted without adversely affecting a bit error rate of the main data signal 

of T^^H^r^ 1 q " adr5 * ure modulating system has recently become the center 

° f *± 9tol f^'f 00 .system, in the multilevel quadrature amplitude modulating system, a pair of 

S^IShST^ 9 ;^ a ": P,ltUde modulated b * firet «* second input^sTte a J^S 
quadrature amplitude modulated signal. When each of the first and the second input signals is an n-bit 

^SZZZ^ZlST? 'T 90 ' "■** 's "Of 1^ than two. the multilevel quadrature amplitode 
moG^ated signal has 2*Y>utput signal points on a phase plane which has an origin and real and imaginary 

I^^SpaSLfiT muWtevel « uadrat "* amplitude modulator is exem'pS 

^h^I^ST 9 8mp,ftUd9 modulator 030 ^^'V ««»» a carrier level. Therefore, a large- 
25 Sator communication network ordinarily comprises the multilevel quadrature ampK 

®* anventional composite modulating system is restricted to the PSK modulation. 

^S^S^tST^ ™* -"■—»«** to toe muKleve, quadratore 
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Summary of the Invention: 



^mrZ^^LZ < ?^,° f WS ,nVen60n to P™^ 9 3 '""M 9 ™' '"«*"*»' capable of producing a 
mZ^Z^, ^ e ° mPriSinS 3 qUadratUre ^P^^ modulated component aid a phase 
mod !jf d ™'"P 0 " ent 1,1 ^P 0059 to a main data signal and a subdata signal each of which has different 
bit rates and which are supplied to the modulator as input signals. 

«„1!L!T^™^? °[ m ''f !" Venti0n to provide a multilevel demodulator which is for use as a 
counterpart of the multilevel modulator of the type described above 

sionl^f^l"^ ' ** jnvenfi0n iS a PP ficabte is *»r modulating first and second main data 

2 ?12£ ST * C ° mP0S,tB m0dUlated Si9naL of the first and the second main d ^ 
- rep ? S9nted by firet bib where n is a positive integer which is not less than two The 

Sm^f^T^ by ° TO * RrBt OTd seCOTd Wna nr values at a time. The mufti.evTm*ute£ 
comprises modulating means responsive to the first and the second main data signals and the subdate 

^ITTT 9 31,(1 mS S8COnd mai " d*a signals and the subdate sign^ inTL comp^ 

modulated signal wmpnsing a quadrature ampntude modulated component and a phase 

S^Zl a L qU h ^^° tUde m ° dU,ated C ° mP0nent iS m0dulated * *• first and STseTd m^n 
£Z££££3£ ^ ^ °" 3 *- P '**- Ph - »—"" component is 
A muWtevel demodulator to which this invention is appOcable is for demodulating a composite 
modulated signal compnsmg a multilevel quadrature amplitude modulated component mSulatS bHS 
and second main data signals and a chase modulated »vniw«»nt m «^.i^ u 'f~"»u moauiarea oy tirst 

«,= Kr** . . . . J*" 83 ** moauiatea component modulated by a subdata agnal Each of 

toe first and the second mam date signals is represented by first through n-th bite and has a fiSTttUate 7 
The subdate signj « represented by one of firet and second binary values at a tirTarJh^^bft 
rate f, which . not greater toan the first bit rate divided by a predetermined natural numbeTm 
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r ^™ri T ! Phase of 2 » «*» when the subdata signal is represented by a 

predetermined one of the first and the second binary values where « is not greater than W2* The 

or^ fiS^ ^ T^***' 8 m9ans f0r phase detecti "9 ^ .WoL moduSedlignaTto 
s Sl ^f ^ d8teCt ' 0n t0 WrtilMtfri multilevel demodulator 

SlTn^TS 0 ^'" 9 ^ eoupW to * e detecfin 9 means for reproducing a reproduced 

z nsiis: - , ^ reproduced main data si9n * s in <«*°™ * •» « - * ~- 

0 rJ« SLTET "J"*.!"" later bS i,IUStrat9d • *• ^P" 1 "" 6 modu,ated component is represented on a 
n JSSSSS ^ " ° ngin - ^ Ph3Se m0dUlat6d ""P"- iS represented * • **- or 

Brief Description of the Drawing: 

" 2" ^hJ^ dl39 ^ ° f 3 ? U,ti,eVel m0dU,at0r aCCOrdina to a first embodiment of this invention; 

mulfflev^mocSr^S X ?* * 8 ""^ ^ produced * *• 

invent^' 3 " ' ^ ° f 3 mU,ti,eV9, m ° dulat ° r 9CC0rdin9 to a second embodiment of this 

" modulSil^dTRgT" 1 ° f 3 mUm,eV " demOdU ' at0r f ° r ^ 68 a C0UnterP8rt ° f *° ™ m ™> 

mut^^^ 

2 7 V?£?2!L2 'J"""'!; demodulator accordi "0 to another aspect of this invention; 
demoduLi r RgT 3 ^ rePr ° dUCin9 *"* 0Perab ' 9 33 8 P3rt * "» 

2* eV ?Z£Z "S d9SCribin9 operation of * e 8ubdBt » reproducing circuit illustrated in Rg. 7; 
Invention?' 9 3 mUm,9V91 demodulator ^cording to still another aspect of this 

" *«J£?£Z!SZfir ° f 3 ^ repTOdUCln9 "* ° P8rab ' 9 as a par, of me multfleve. 

2" L hV£L faZ 1 !,^? 9 OP9r3ti0n ° f ** SUbdat8 "P«*«*o unit illustrated in Rg. ft 
2 13 1 V5H^ . " 9 ° Perati0n ° f the SUbdata educing unit illustrated in Rg. ft 

s demod^H^n^T "* ^ " 3 ^ * 

demod^riatedt JJSi? 3 m3in ^ "* 0p9rab ' 9 - a ^ of the muHOeve. 

Rg. 15 is a view for use in describing operation of the main data reproducing unit illustrated in Fig. 14. 

Description of the Preferred Embodiments: 

corw^nSaffaurlv * 3 em °odimen, of this invention is similar to a 

^TSTf four-by-four quadrature amplitude modulator except for a phase modulator 20 The multilevel 

suTLTa ■SVE? firet and second main data si9nate " Pl and ^^ZSSSi 

m is 72f!S 8,9,131 ^ °' *• fitSt "* 0,9 3econd main da * MPI and 

tha n hte T "f^ V " h S Wh9r9 " re P resants a Positive integer which is not less than hvo. Ordinarily 

It win- be assumed that the first main data signal MPI is of a channel P and is reoresented hv fir^t 

of the first ^ 1,19 S9Cond mai r> data signals MPI and MQI is therafom 

^IT^T^h?: teV3,S - ^ ° f ^ firet a " d 1,19 ^nd main d^ signals MP^ J5 ?2T 
first bit rate f.. The subdata s,gnal SUB is represented by a single bit namely one of frrstand LSfnd 
binary values wh.ch may be binary values T and v. The subdata signal SUB Ss a seSn^rt^ , 
W h.ch ,s equal to Vm where m is a positive integer which is not smaller than two ' 
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svrJ^^Z 13 3 cam ' er osdl,a&on ^ SCI from a local oscillator a and is 

"LTt^ff SUB - The phase modulator 20 is for phase modulating the earner 
y 6 . ±' ata a9nal SUB ^ P"*" 68 * 3 modulated signal SC2. For example. 
< *LT^ m T^ SC2 h3S a firSt P^rmined phase difference relative to the carrier osdilafion 
*? 2? J f dat2 ^ SUB has ^ «*»* "*» When the subdata signal SUB has the 
^t U9 J:f Pn^^ated signal SC2 has a second predetermined phase difference relative to 
cSnZ JSf^Z*^ fl™* ^ ^ 018 SeCOnd Pr***™'™* Phase differences should have a 
M rSLTE 1 Md "* 56 9reater *<*™™- In the example being illustrated. 
OJ9 radian is selected as the common absolute value a 

70 dato^TMpTSdT^ 3 ^ «0»"W«ntlog converter 22 supplied with the first main 

SiS^f ? , d.grtaHo-analog converter 23 supplied with the second main data signal MQI. 
^T/Z^T 31 ^ C0nV9rter 22 converts «■ ** m3 in «9nal MR to a first analog signal. The 
SS^ SKE^"^ ^ th9 " cond m2in dafa MQI to 3 second^aJc^gna 6 

,5 Sl^™^ U • ana ? Si9natS has 30 ^P^ level determined by a pertinent «Te o? the 

£2,1 w TT h"^ 8,90315 WP ' 30(1 MQL ^e first and the second analog-signals are delivered 

215 Se ^jT* PaSS fittefS 24 ^ 25 to first ^ second amplitude modulators 26 and 27 as 
first and second modulating signals MPII and MQU. respectively. 

SCIO^Jt^il^t bt8d h si9na i S f2 is de,ive ^ to the first amplitude modulator 26 as a first carrier signal 
» TL^^SST* " 2 - ph ff r f ifter 28 to the second amplitude modulator 27 as a second carrier 
IS" T^^TT ^J 00 038 3 qU3drature phaSQ relative to the second carrier 

s^d ^ 3mP ' ftUde m0dUl3tore 26 ^ 27 ^P^^ modulate the first and the 
seottd^r s,gnals SCJ0 and SC20 by the first and the second modulating signals MPII and MOD. 

s MPV^M^^^f* 1 ** modu,ators 26 ™ d 27 P«^uce first and second modulated signals 
ntul^r * r^l^ ™ d J" S8COnd moduteted MPI2 and MQ12 to a multiplex^ 29. 

The mutoplexer 29 multiplexes the first and the second modulated signals MPI2 and MQI2 into the 

STe 'altS 2? ,2 rtlSS8enthatth9 -du'ated signal CM^rTa nS.eS 

quadrate e amplrtude modulated component and the above-described phase modulated component The 

Snf J ^ vl-l^ i^rT 8 ?, m0dU,3ted S, ' 9nal CM 033 Sixteen °"tout signal pants on a phase 
dSL^Tih^h^ J^f" 9 ^P 08 ^ modulated signal CM is transmitted to a multilevel 
demodulator through a transmission medium. 

nrfh^"?." 9 ^ 9 ' Ph3S8 Plans iS d^ned by an origin 0 and real and imaginary axes X and Y 
s sS^l^l^lSS* °; 2? real ^ imaginary axes X and V repreinTL first and the 
rS^ar^StT? £ ^1 MQ12 * reSpeCtive channete P and Q. The sixteen output signal 
oX sfa^^L a-' ^ B J' ^ ' and ' « P 08 ^ ^togers which are not greater thaTfour. The 
SlSJEl V denV8d When ^ signal SUB has the binary value "0" and 

*e^er^cS^ P „^r^ ed *** SC2 h3S fte firSt P™**"** phase dtference relative to 
> whk^luT^^ 8CI - E3Ch ^ r rf ** outout ^ P 0 ^ ^ a"d Bij has a phase difference 
*L o,Z? to JT, th8 J :0mmon abso,ute ^ ». Additional signal points C?j are depicted at midpoints 
of the output s.gnal pants Aij and Bij along concentric circles. The additional signal points CU have 

SI 131 - ^ • 3mprrtUd9 tevefe 4L and .3L are used as naferSci leve.s^n 
SSTatS 6 SeC ° nd mairi d^ signals MPI and MQI in the multilevel demodulator as wfil 

d^f?S^ l, 9 !^ mUf,I ' ,9ve, m °d ul3 tor. however, does not comprise the phase modulator 20 
uSuIrS S?^' L ,nStB3d ' th9 muWlevel ^utetor comprises first and second coning 
Sf sutS ITsUB iS , ^ PP ' ied ^ "" ^ ^ thQ SGCOnd m3i " data signals MP, and MQI aS 
5 s^u? , ^ ^ firSt "meting unit 30 comprises a first read-only memory 32 and a first 

tEZZ "S f • UkeW,Se ' me ^ 3» emprises a sLnd^nfy 

S ^d^n^L7^L°" anai09 C ° nVerter 35 " ^" of the first and the second c^Z^ 
slS fn^ LJ^T, 8 , fifSt ^ * e second main deta signals MPI and MQI and the subdata signal 
mw, nt™ ,T" nd 303,09 Si9n3b Mpa and MQ2I. Each of the first and the second analoTsS 
mZ ^ an ^ P ^ 9 teV91 ^ is detem,ine d by the first and the seconTmain^cS 

^cTsign^s^ ^MrS, bY Si9naJ SUB " * 0ttl& ^ ^ of «• fi « - d * 3 se^oS 

analog signals MP2I and MQ2I can be regarded as a phase modulated signal in which each of the first and 
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the second main data signals MPI and MQI is phase modulated by the subdata signal SUB. The first and 
the second analog signals MP2I and MQ2I are delivered through the first and the second low-pass filters 24 
and 25 to the first and the second amplitude modulators 26 and 27 as first and second modulating signals 
MP22 and MQ22, respectively. m — 

s The carrier oscillation signal SCI is supplied directly to the first amplitude modulator 26 as a- first- carrier 
signal SCII and. through the W2-phase shifter 28. to the second amplitude modulator 27 as a second carrier 
signal SC2I. The first and the second amplitude modulators 26 and 27 amplitude modulate the first and the 
second carrier signals SCII and SC2I by the first and the second modulating signals MP22 and MQ22 into 
first and second modulated signals MP23 and MQ23. respectively. The first and the second modulated 
to signals MP23 and MQ23 have amplitude levels which are equal to orthogonal projections of the output 
signal points Aij or Bij (Fig. 2) to the real and the imaginary axes X and Y. 

In order to derive the composite modulated signal CM having a high accuracy, it is desirable that each 
of the first and the second read-only memories 32 and 34 has an increased number of output bits. However, 
each of the first and the second read-only memories 32 and 34 may have eight bits for the four-by-four 
75 quadrature amplitude modulator. 

In Fig. 3. the multilevel modulator is compact as compared with the multilevel modulator illustrated with 
reference to Fig. I. Furthermore, it is unnecessary with the multilevel modulator of Fig. 3 to keep bit 
synchronism between each of the first and the second main data signals MPI and MQI and the subdata 
signal SUB and is possible to use a limited common bandwidth for the first and the second main data 
20 signals MPI and MQI and the subdata signal SUB. 

Referring to Figs. 4 and 5. a multilevel demodulator is for use as a counterpart of whichever of the 
multilevel modulators illustrated with reference to Figs. I and 3 and is for demodulating the composite 
modulated signal produced by the multilevel modulator. The multilevel demodulator comprises a phase 
detector 40. a subdata reproducing unit 41. a processing unit 42, and a selecting unit 43. 

The phase detector 40 is supplied with the composite modulated signal indicated at CM'. The phase 
detector 40 carries out phase detection of the composite modulated signal CM' and produces a first phase 
detection signal as a first analog signal DP of the channel P and a second phase detection signal as a 
second analog signal DQ of the other channel Q. Each of the first and the second analog signals DP and 
DQ has amplitude levels which are equal to orthogonal projections projected to the real and the imaginary 
axes X and Y on the phase plane as described in relation to Rg. 2. 

The subdata reproducing unit 42 is for reproducing a reproduced subdata signal SUB' and comprises 
first and second analog-to-digital converters 44 and 45 and subdata producing circuit 46. Each of the first 
and the second analog-to-digital converters 44 and 45 has four reference levels depicted in Rg. 2 at ±L and 
t3L The first and the second analog-to-digital converters 44 and 45 are for discriminating the amplitude 
levels of the first and the second analog signals DP and DQ. The first analog-to-digital converter 44 
produces a first digital signal a3 a first subdata discrimination signal SDP represented by first and second 
bits XIO and X30. The second analog-to-digital converter 45 produces a second digital signal as a second 
subdata discrimination signal SDQ represented by first and second bits Y10 and Y30. The first bits XIO and 
YIO of the first and the second subdata discrimination signals SDP and SDQ are for discriminating one of 
quadrants of the phase plane. 

The subdata producing circuit 46 is supplied with the first and the second subdata discrimination 
signals SDP and SDQ. As shown in Rg. 5. the subdata producing circuit 46 comprises Exclusive OR and 
NOR circuits 461 and 462 and a majority circuit 463. Responsive to the first bit XIO of the first subdata 
discrimination signal SDP and the second bit Y30 of the second subd^a discrimination signal SDQ, the 
Exclusive OR circuit 461 produces a first logical output signal. Supplied with the second bit X30 of the first 
subdata discrimination signal SDQ and the first bit YIO of the second subdata discrimination signal SDP. the 
Exclusive NOR circuit 462 produces a second logical output signal. 

When the first and the second analog signals DP and DQ have the amplitude levels of the output signal 
points Aij (Rg. 2), both of the first and the second logical output signals have binary value "I" whichever 
quadrant the output signal point Aij may be. On the other hand, when the first and the second analog 
signals DP and DQ have the amplitude levels of the output signal points Bij, both of the first and the second 
logical output signals have binary value w 0". It will readily be understood that the binary values of the first 
and the second logical output signals correspond to those of the subdata signal. 

In the manner described before, the first and the second logical output signals have the first bit rate f,. 
The subdata signal SUB has the second bit rate f, which is equal to f/m. In the first and the second logical 
output signals, same codes, m in nymber, may last in succession while one of the binary bits continues in 
the subdata signal SUB. This is because the first and the second main data signal are modulated by 
subdata signal SUB. But. a discrimination error may occur in outputs of the first and the second enaiog-to- 
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digital converters 44 and 45. This is because the first and the second analog signals DP and OQ has a 
small level difference relative to the reference levels of the first and the second analog-to-digital converters 
44 and 45. This means that the code error or errors may appear in the succession of m bits of the first and 
the second logical output signals. As a result the reproduced subdata signal SUB' has a reduced code 
error rate. 

In order to get rid of an influence of the code error of the first and the second logical output signals, 
each of the first and the second logical output signals is delivered in bit series to the majority circuit 463 
For each of the first and the second logical output signals, the majority circuit 463 carries out a majority 
decision known in the art with regard to the succession of m bits which may include the code error or 
errors. The majority circuit 463 produces an output signal in which a result of the majority decision lasts m 
bits. The output signal of the majority circuit 463 Is the reproduced subdata signal SUB' Thus the code 
error rate of the reproduced subdata signal SUB' is improved. The code error rate depends on the positive 
integer m and the phase difference a. ft is therefore desirable that the positive integer m and the phase 
difference a should be a large number and a large difference. The phase difference « is. however, restricted 
to nl2^ radian in the manner described hereinbefore. 

Referring again to Rg. 4. the processing unit 42 will be described more in detail. The processing unit 
42 compnses first through fourth phase shifters 47 to 50 and first through fourth additional analog-to-digital 
converters 51 to 54. The first phase shifter 47 comprises a first attenuator 471 and a first subtracter 472 and 
is for shifting Ihe phase of the first analog signal DP with the second analog signal DQ used as will be 
described later. Likewise, the second shifter 48 comprises a second attenuator 481 and a first adder 482 and 
is for shifting the phase of the first analog signal DP. The third phase shifter 49 comprises a third attenuator 
491 and a second adder 492 and is for shifting the phase of the second analog signal DQ with the first 
analog signal DP used as will be described later. Similarly, the fourth phase shifter 50 comprises a fourth 
attenuator 501 and a second subtracter 502 and is for shifting the phase of the second analog signal DO. 

In toe first phase shifter 47, the first attenuator 471 attenuates the amplitude level of the second "analog 
signal DQ by an attenuation factor which win presently be described. The first attenuator 471 thereby 
defivers an attenuated signal to the first subtracter 472. The subtracter 472 subtracts the amplitude level of 
the attenuated signal from the amplitude level of the first analog signal DP and delivers an output signal, 
namely, a first phase shifted signal DP» a , to the first additional analog-to-digital converter 51 

In toeexample being illustrated, the attenuation factor of the attenuator 471 is equal to tana. The first 
phase shifted signal DP* a Is therefore given by: 

Ap«COS0 -Ao«sin3»tana = K«cos{0 + a). 
where Apand Aq represent amplitude levels of the first and the second analog signals DP and DQ o 
represents the phase of the first and the second analog signals DP and DQ. and K represents a constant 
Thus, the first phase shifted signal DP. a has a leading phase of a radian relative to the first analog signal 

Likewise, the second phase shifter 48 supplies the second additional analog-to-digital converter 52 with 
a second phase shifted signal DP^ having a lagging phase of a radian relative to the first analog signal DP 
The third phase shifter 49 supplies the third additional analog-to-digital converter 53 with a third phase 
shifted signal DQ.„ having the leading phase of a radian relative to the second analog signal DQ The 
fourth phase shifter 50 supplies the fourth additional analog-to-digital converter 54 with a fourth phase 
shrfted signal DCU having the lagging phase of « radian relative to the second analog signal Da 

When the first and the second analog signals DP and DQ correspond to the output signal points Aij 
(Rg 2). a combination of the first and the third phase shifted signal DP. a and DQ» 0 represents each of the 
additional signal pants Cij. The first and the third phase shifted signals DP. a and DQ+ a therefore have the 
four amplitude levels ±L and ±3L When the first and the second analog signals DP and DQ correspond to 
the output signal points Bij (Rg. 2). the second and the fourth phase shifted signals DP ^ and DCU each of 
which has the lagging phase of a radian have the four amplitude levels of iL and ±3I_ 

The first through the fourth additional analog-to-digital converters 51 to 54 have first through seventh 
reference levels of 0. sL, *2L, and t3L and carry out a multilevel discrimination on the first through the 
fourth phase shrfted signals DP, a . DP^. DQ. a , and DCL*. The first additional analog-to-digital converter 51 
produces a first main data discrimination signal as a first processed digital signal PPI represented by first 
torough third bits XII to X3I. The first processed digital signal PPI corresponds to the output signal points 
Aij. Likewise the second additional analog-to-digital converter 52 produces a second processed digital 
signal PP2. The second processed digital signal PP2 corresponds to the output signal points Bij and is 
represented by first through third bits X12 to X32. The third additional, analog-to-digital converter 53 



6 



0 238 822 



produces a third processed digital signal PQI. The third processed digital signal PQI corresponds to the 
output signal points Alj and is represented by first through third bits Yll to Y3I. The fourth additional analog- 
to-digital converter 54 produces a fourth converted digital signal PQ2 which corresponds to the output 
signal points Bij and which is represented by first through third bits YI2 to Y3Z 
5 Referring again to Fig. 5, the selecting unit 43 comprises a delay circuit 431 and a selector 432 and Is 
supplied with the first through the fourth processed digital signals PPI, PP2. PQI, and PQ2 and. the 
reproduced subdata signaJ SUB'. The delay circuit 431 is for giving a delay to the first through the fourth 
processed digital signals PPI. PP2, PQI. and PQ2 so as to keep bit synchronism between each of the first 
through the fourth processed digital signals PPI. PP2. PQI. and PQ2 and the reproduced subdata signal 

to SUB'. This is because the reproduced subdata signal SUB' has a time lag as a result of the majority 
decision described before. The time lag is equal to m bits of the first and the second subdata discrimination 
signals SDP and SDQ. Each of the first through the fourth processed digital signals PPI. PP2. PQI. and P02 
has a bit rate which is equal to that of the first and the second subdata discrimination signals SDP and 
SDQ. The delay circuit 431 has therefore a delay of m bits which are given by each of the first through the 

is fourth processed digital signals PPI, PP2. PQI. and PQ2. 

Reference will again be had to Fig. 4. When the reproduced subdata signal SUB' has the binary value 
"I", namely, when the first and the second analog signals DP and DQ correspond to the output signal points 
Aij. the selecting unit 43 selects the first and the third processed digital signals PPI and PQI and produces 
the first and the third processed digital signals PPI and PQI as first and second output signals OPI and OQI 

20 When the reproduced subdata signal SUB' has the binary value "0", namely, when the first and the second 
analog signals DP and DQ correspond to the output signal points Bij. the selecting unit 43 selects the 
second and the fourth processed digital signals PP2 and PQ2 and produces the second and the fourth 
processed digital signals PP2 and PQ2 as the first and the second output signals OPI and OQI. 

The first output signaJ OPI is represented by first through third bits XT, X2'. and X3. The second output 

as signals OQI is represented by first through third bits Yl'. Y2'. and Y3. A combination of the firetand the 
second bits XI' and X2' of the first output signal OPI is a reproduced signal of the first main data signal 
MPI. Another combination of the first and the second bits Yl' and Y2* of the second output signal OQI is a 
reproduced signal of the second main data signal MQI. Third bits X3 and Y3 of the first and the second 
output signals OPI and OQI are phase deviation signals of the first and the second analog signals DP and 

so Da respectively. . " 

The first and the third bits of the first and the second output signals OPI and OQI are delivered to a 
phase deviation detecting circuit 55. The phase deviation detecting circuit 37 produces a phase control 
signal PC in response to the first bits XI' and Yl' and the third bits X3 and Y3 of the first and the second 
output signals OPI and OQI. The phase control signal PC is delivered to a voltage controlled oscillator 56 

35 The voltage controlled oscillator 56 produces a local oscillation signal which is phase-locked to the phase 
control signal PC. Such a phase-locked loop operation is described in Japanese Published Unexamined 
Patent Application No. 131151/82 by the present applicant and will not be described any longer. 

Referring to Fig. 6, a multilevel demodulator according to another aspect of this invention is for use as a 
counterpart of whichever of the multilevel modulators illustrated with reference to Figs. I and 3 A subdata 

40 reproducing unit 57 Is used instead of the subdata reproducing circuit 41 described in conjunction with Fig. 
4. In other respects, the multilevel demodulator is similar to that illustrated with reference to Fig 4 

The subdata reproducing unit 57 comprises a subdata reproducing circuit 58. a low-pass filter 59 and 
an analog-to-digital converter 60. In the manner which will later be described in detail, the subdata 
reproducing circuit 58 is implemented by analog circuits. Supplied witfuthe first and the second analog 

as signals DP and DQ from the phase detector 40. the subdata . reproducing circuit 58 reproduces a 
reproduced analog subdata signal DH in the form of an analog signal. 

Referring to Fig. 7. the subdata reproducing circuit 58 comprises first through fourth phase shifters 581a 
to 58ld. first through sixth full wave rectifiers 582a to 582f. first through third subtracters 583a to 583c. first 
through third analog switches 584a to 584c. and an adder 585. The subdata reproducing circuit 58 further 

so composes a discnmination circuit 586. an Exclusive-OR circuit 587. a selector 588. and an amplitude 
modulator 589. Such a reproducing circuit 58 is described in Japanese Published Examined Patent 
Application No. 698/83 by the present applicant Therefore, description will be made with regard to parts 
which are operable in specific conjunction with this invention. 
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moduli P SZ d T^'JL iHg -J> * SURP,l6d * e conventional multilevel quadrature amplitude 
modulated sgnal. the sufadata reproducing circuit 58 serves to produce a phase deviation sionil of I 

combination of ttTSl «vf2 Responsive to the first and the second analog signals DP and DQ. a 
£2£ 58^2 Sd^d L^J" 3 !!^ 5813 3nd »»■ * e — "d ano the third full wave 
signal ^ ftwiSj?J?J5S? 583,5 > " m 10 praduce a second processed analog 

mt four* pSs^ ScSd^^thTSf? i^ssvt ^ oa a combinat ° n * *" »- 

rs third subtracter 583caS senLf£ 21 ^ f "" 7/379 recSfiers 5326 and 582f. and the 

iT r^ZL D w «"0 serves to produce a third processed analog signal DM - 

discn^nanTaS tmtSSSl ^ I "* ** * reu » h *"* ™* ^own in Fig. 8. The 

second and the third ^^ ^^0^ 0^^^ "? "* *" ttl9 

25 DP ^d DQ correspond to one oTthe output ^nJ pobftT? ^1 BW T ^5 

processed analoo sianal DK is „,r«i;«H «. ^ ^T' u ' poms ^ 8 ". and BW. The second 
and DQ conwSidtalta r*iL?^ ^ *> the adder 585 when the first and the second analog signals DP 
S«»-«SSS?5ii to SiS? 1 ^"t^ °T ™- ^ * W signal DM ^supplied 

points AO VbboI S^?.!? r C ° nd 3,13,09 8,90313 QP and DQ correspond to the output signal 

the C^Sa^nT^'^ 3 ^ 9 " 31 ° H h3S diff9rent ,evete In accordance with the positions of 
me output signal points Aij and Bij. This is because the output signal points Aii and Bii 9rr ,Z! , 

3s the reprc<Juc^2Sog V!Sf52 t^ZSH^ * ? B "' ^ ** AMBW in ^ 2- Therefore, 
tevefeat random * ^ 30 ,nStanteneous varies among the three different 

fllter^g^^^^'^rJ^ ? *" ^ OH. the low-pass 

SuppressestormS E £ ^ *?* by approximately f,/m. |„ addition, the low-pass filter^ 

converted by the ■JZ*5££^2S £1 TVS' ^S* Si9n31 ° f '^P 355 fflter 59 is 
reproduced subdahTsS^B^ ^ 6 ° to 3 * B,W S,9nal * a sin 9 te b «- ™« digital signal is the 

as a^untoX o?^^!^^ 10 ^ 3SpeCt of * is inve "«- « ^ « 

The mtErf^ZTfL mult,level modu,ators '""strated with reference to Rgs. I and 3. 
; coming iTt^^T*** " ^""^ate-frequency amplifier 6.. a phase detector 62. a 

whiMlate SdesSSn deS"^ T. 64 ' 3 ^ ^ repraduCin9 unit ^ «" ^ manner 
are implemented by dS^f ' " ^ ^ ^ ^ ^ units 64 and 65 
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Supplied with the composite modulated signal CM', the intermediate-frequency amplifier 61 amplifies 

?rr?/~ T Tl T? CM ' Md d8,ivers 3,1 s, '9 nal to me detector 62. The phase 

detector 62 cames out phase detection of the amplitude signal with reference to a pair of quadrature-phase 
local earner signals supplied through a voltage controlled oscillator 66. The phase detector 62 deliver first 
5 and second analog signals DPI of the channel P and DQI of the channel Q to the converting unit 63 

an.i^inl?" 9 ""i 63 « mpriSeS fiR!t md S8C0nd bas8band am P ,ffiera 67 *« 68 fi«t and second 
?[* 69 ^ m SuppHed with me first and me analog signals DPI and DQI 

LnlT DPI i n r^T" a " iP,ifi8rS ^ and 68 are for amplifying the first and the second analog 
» XS£Ti?! h ™ ST.** 3011 88C0nd ^P"" 9 * 1 s, 9 na,s » the first and the second analog-tedigiS 
^ levels o £ 5^?; "V" ^ SeC ° nd "*HHo^0W converters 69 and 70 has seven 
"rslf' ^ L and canies out 3 mu,Bl9vel discrimination of a relevant one of the first 
M SLT^ The firSt and the S3cond analog-toKligital converters 69 and 70 produce 

ELZ?hES? T . 9 ^ Si9nalS ° P " and DQ "' 6ach ° f *•** is 9ivan in bit P""* « first and 
» oTan eign^TS" * *" ** ^ ^ C0nVert9d dW " ^ DP " «« DQ " ma V 

« J*5?! l!E? 10 R ^ • ,0 " 3nd ,2 - subdata "P**"** unit 64 will be hereunder described in 
J? . Uh^Sf^T 0 " 9 " nit 64 eomp,ta " 3 ,09lC Circuit »* firet 3011 sa ~nd multipliers 642 and 
me se^d ^L^ 3 " tr^ 0 ^ ^ ^ Res P° nsive to first and second upper bits of the first and 
IZhSJ 2? a ° nalS DP " 30(1 DQ "' 019 l °9 ic a ' rcuit 641 discriminatee positions of the 

iSXSZZStfSl ' C °^ P ° ndin9 10 me flrst «* me "«* convar ted digital signal? DPI! and DQH 
^ FR aS JSS ^ FP ' 3nd FQL Sh ° Wn 1,10 firet — * a factor 

22J^Si? 1 ^ U8S ° f unity and ,n accordance with the position of the additional 

SS*: m 9r s ,r?n, <h l nUmber ° f *" ^ ***** * Sh0wn in R 9- * *• ««* and the 

t3kS positive or na 3 ativ9 s '9 n ln accordance with the positions of the 
addrtional signal points Cij. in other words, the number of the positive integer i. . 

nJ^^^T 01 • P ° lntS Cij 3,8 preS9nt in 819 firSt or *° mlrd ***** of the phase plane, the 

SSi M 642 ^ 643 C0nV8rt ^ ^ 3nd *« 8 "» nd ^rted digital 

so ^JToS^SS^? k ° UtPUt S, ' 9n3 ' P ° intS ^ to firet and second application signals 
so UMbi and DMS2, respectively, which correspond to the output signal point All fRa 2) Tha first and 

SSSSiSi h-T 1 Si9n31 P° ints Bii to *• firet 3011 m9 "«* nu.mpLt.on signals DM9 and 
• respectively, which correspond to the output signal point BII (Fig 2) 

Tl 8 ,nt " 9r ! ,S eauaJ 10 ^ or four ^"a the positive integer j is equal to one of unrty 
through four In tt„3 event the first and the second multipliers 642 and 643 convert thirst and me second 
converted d^grtel signals DPI! and DQI. corresponding to the output signal potato A? TXZSfil 

iHalSSSSiSrJ DM . S 'r and ° MS2 - reSP8CtiV9,y - « a the ou^t "potat 

* SnJ! np? 2 88000(1 m "? pBerS and 643 also convert the first and the second converted dfgtel 

DMS,^ d D Msr«S n ? Si9n3 ' P0 ' nt BiJ 10 918 fifSt 30(1 m9 mufdplirion 

signals DMSl and DMS2. respechvely. wh.ch correspond to the output signal point B3I. 

millh 2S !7 f m2 f d 019 56000(1 mulD P'ication signals, the subtracter 644 subtracts the second 

TbTSS. S 0,9 ^ n, T caflon siana ' DMS ' 3011 produces 3 subfr3co ° n resu » *«i 

« reSU,t S,9naJ re P resents 3 level of the reproduced subdata signal SUB' 

2E7 ^iStSST* Si9n3 ! ( n3S 108 m0St Si9n ' fiCant bit -P— tative of a positive s'ign by me 
Snlrl 6 rJV J^J*" SeC ° nd COnV9rted digital signals DP " and DQ » correspond to the output 
signal point A,,. On the other hand, the subtraction result signal has the most significant brt representotiveof 
a negauve sign by the binary "0" when the first and the second converted SigftTs &Zom£Toa 

Si9naI *** ^ TWOre ' il iS P0SSib ' 9 to ^minate whether toe outo^signal 
«2 y dlSCnm,n3tin 9 019 si 9" of t" 6 mos t significant bit of the subtraction result signal The 
majonty crcurt 645 cames out a majority decision on the most significant bit of the subtraction mrtatamri 

S££2S S suB. n,ch a ~* of me maiority decision ,asts m bits - 1,19 output is 919 

combS^o! 0 , dS» tl SUbdata reprodudn 9 unit M ' «'s similar to that illustrated in Fig. 10 except that a 
7£2£ <«T^ °? C TJTJ 46 ' 3 '^-P 338 fi,t9r M7 - and - analog-to^igita. converter 648 
LT^ ^ZZ Z'T 645 (Rg - ,0) - SuppBed "" h 919 subtraction result signal in bit parallel 
from the subtracter 644. the digital-to-analog converter 646 converts the subtraction result slgnalTan 
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Z*. 09 Si9naJhasa ba«^dth restricted by the low-pass filter 647 which has the same 

OZFlZ TJT*T ^S- 59 d9SCribed 10 conjunction R 8- 6 - low-pass fitter 647 delivers a 
filtered signal to tte analog-to-d^tal converter 64a The filtered signal is converted by the anatog-to-digital 
converter 648 to the reproduced subdata signal SUB' of a single bit ^ 9 

iJZSEVZ OF W "? ' 5, u? e main d3ta repr0ducin 9 unit 65 a logic circuit 651, a delay 

arcurt 652. first and second multrpl.ere 653 and 654. and first and second adders 655 and 656. The logic 
cjcuit 65. produces first and second factor data FP2 and FQ2 in response to the reproduced subda* sigL 
™L T~ ?r o^lTll ' * e re « )roduC8d SUB' corresponds to the output signal 

£S pif 2 te >f *J T arCUit 651 ProdUC8S * 6 firet faCtor <* -t^a and the second factor 

datum FQ2 of tana. To the contrary, when the reproduced subdata signal SUB' corresponds to the cutout 

s e ss^ -- ■* drcu * 651 praduces - « **» - 2 - c «« o iur 

The delay circuit 652 has the same delay time duration as the delay circuit 431 described in conjunction 
SJ? R £ ^'"^ ° f *" firet «« multipliers 653 and 654 and first and S 

adders 655 and 656 is a digital calculator and carries out the following digital calculation: 



20 
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roPlll r i TtasoC 
loQlJ [+tanc< 1 



PQ11, 



costf 



' cossC TsinoO f DP 111 

I i 

+sinc( cos«J LDQllj 



nfvlf^l ^ ^ ° flhefirSt * a second adders 655 and 656. respectively. In the 

^SSZZZ^fjS" minU3 Si9 " 3 ^ malted a sign pair. When the reproduced LbdaS 
Zl to the output signal point Aij (Rg. 2). an upper sign of the sign pair is used. When 

- Sn^Ns Sed S ' 3nai SUB ' CO,re3POndS 10 * 9 ^ <*" »*** S a tower agn oTme 

nn.rf^ri^ IS?" , 2 ' eacnofthe °"«Put signal point A? or BO may be considered as a vector (DPtl, 
2 'JTS TS.* faCt ° r ^ whichisa «»«tant the above digital calculation rotates the oZ S 
pant Afj by a redan around the origin 0 counterclockwise and rotates the output signal point Bii ova San 
OS ^T* Wl ^ J heraf0ra ' *• «<* *" d the second additional OPI. and oS 2££2 

L tof^S ZlS"!?,^ 2 ? ™ mater whtehever * *e output signal points Aij and BijTZ 
^ se f ond J onverted s^nals DPII and DQII may correspond to. Namely, each of the first and 
fte second addtoon results OPH and OQIi is a signal wherein eachVtoe first an I ft?2£nd«n£ES 
dgtf signals DPI. and DO., is derived of the phase modulated component moduIa^W^SS 

40 «n,. RefefT,n9 a9ain to «g- 9. the first and the second adders 655 and 656 produce the first addition result 

namlrl 9 £f J5f J2 ? ? ^ ^"T" 1 3 ^ deviaton 01 ^ firet 30(1 the second amplified signals. 
« rS£? f£ '"T^ 9 " 313 "J? ^ ^ ,h8 ^atog-tCKfigita. converters 69 and 7o5 

are deQvered to the first and the second baseband amplifiers 67 and 68 through a tow-pass filter 7L The 

E°S JE?? 7f " 6?and6a ^ 3 dc " -tout levefLeof m^ZetottS 

raps srr j: ass ^i^^ssss a: 

l09 ' C ^ 7 * conlroffin S a 9*" <* «* intermediate-frequency amplifier 61 and another 
5 oi th« fiS^S ST^lT^ 88 " reSP ° nSe 10 » 8 first "« *• *" bhs M and S. and ^aS 
sites P^nf So ^Sl^f' 0 ; T" 8 ° P " 0QIL SuCh 3 circu » * descnbed in UnL 
55 cSporafioT Yasuharu Yoshida - ^stant applicant and assigned to NEC 

JSSXSi?* ^ art * ^ ^ » 66 ■» — ' descnbed in 
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dJ^L 9 ' ™ 9 to 2*"* 3 characteristic degradation due to imperfectness of hardware of the 

Tls. H*" ^ SUbd3ta *** m re P roduced b ' *• ^Hal calculation. 

srcr;r 159 used * * d,gitai ca,cu,atin9 ,n m ~* •» 

thereof wllfSte^ 8 ? ?" * > ° ,b>d h C ° niundi0n With Several P referred embodiments 
llfmll T£ ! Possible for those skilled in the art to put this invention into practice in various 

HZZIL P ; I* ^ ^ ** S9C ° nd mai " data may be represented by different 

numb^SIl^r J 8 ^ *• * mrm numbefS m3y «* be « «« number but 

o^^ a rS e «T^! ^ u 8 " Umber ° f WtS 0f ^ firSt 0r the second mai " data signal may be equal to 
ma? 2 £ £22'* ?, nUmb ° r ° f me ° UtpUt 3i9nal * * e -odulate^signS 
Z ? ? *■ rt ' S r9adi,y understood that *e analog-tc-digital converters and the logic 

sr^srs? bit8, md * at *■ phase dtf,erancs ■ - , » e , — 

Claims 



. J m tTJ?rl^ w ° f *?' m ° dUlatin9 3 firet and a weond main data signal and a subdata signal into 
20 LT ?! 8aCh ° f ^ firSt and S6C0nd main ^ta signals being represented by 

££2 bTonetf aSl? ' * ^ ' eSS *" «™ "«* sutVsigna. being 

TSSSi 11 ^ 3 SeC ° nd bmary vaJue 34 a tme ' wnerein improvement comprises: 
m^fir^ to ^ ** 3nd *** second m8in d8ta Agnate and said subdaU signal for 

22^2 "2 , d S9C0nd ^ d3ta Si9na,S 80(1 said «**■" si 9 naI -W compost 
*. ~™ . Tf Mm ^ S n9 3 t,uadrature am P ,itude modulated component and a phase modulated 

^d ml 53 !^ T 9 rK P ' itUde JT° dUlated ^P 006 " 4 «*"0 Mutated by sa^d 4 aT sS 
second mam data signals and having 2* output signal points on a phase plane, said phase modulated 
component being modulated by said subdata signal. modulated 

n*lT U,ti !!r? m0dUlat ° r 38 daimed in Cla, ' m '• wherein said modulating means comprises: 
3 o S inn^nZ^ 9 .,IT anS JI 8 " 0 " 6 * 9 *° 8 ^ of Mature-phase earner signals and said subdata 
30 Se lffin25S P " ^ ^ * 9 " 3 ' S * «« 3 " bda * ^ '"to sad 

sJl^^rTST* modul3tina maans res Ponsive to said first and said second main data signals and 
ZSSZZSi H^T^TT ** V"* 1 ™* modu,atin 9 ^d phase modulated component by 2d Tr£ 
and said second mam data signals into said composite modulated signal. Y 

35 oh Ja iiZf! 9 ! 81 , m ? Ulatof " Cl3imed in Claim 2 < wherein 83111 modulated component has a first 
phase difference of plus a radian relative to said pair of quadrature-phase carrier sionals where 1 fe rn* 

wnTsaid^iS d ' h fferenC H ° f minUS ° ^ re ' 3tiVe 10 S3, ' d P3ir * ^adrature^hase carrier 
wnen said subdata signal has said second binary value 

* ^'niZnT' m0dUl3t0r 88 C,aim9d aaim wherein S3id modulating means comprises: 

I? re w P ° n ,!, ,Ve 10 S3 ' d fir8t 3,1,1 S3id second main d3ta signals and said subdata signals for 

^SSZ!^ d second main data 8i9na,s by said subdata si9n3, into 3 - 3 -- d 

^ ^ q fi U ^^r P,itUd !, m0dU,atin9 meanS responsive 10 3 P 3ir of qwdrature-phase carrier signals and 
<s said first and said second converted signals for amplitude modulating said pair J 'quadrature-phase cWr 
signals by said first and said second converted signals into said com^site modulate , ^ 
m J:JS«„ T T at0r f ° r m ° dU,atin9 3 m3in data s, '9 nal and a subdata signaTinto a composite 
^^J^SSZT S, ' 9na ' b8in9 repreSented bV fir5t thraU9h ««• WtS where N ' 3 - odd 

date^naf anTs^d^f 9 10 1?.™* 1 *** ^ and ^ Subdata ^ fw modulating said main 
:Tr,J* Z?JZ? bd3t3 S,9n31 int0 S3id composite modulated signal comprising a quadrature 
ampWude modulated component and a phase modulated component said quadrature aSLe TZZSEZ 
component being modulated by said main data signal and having 2" output signal ^«JoLZnE? 
55 sa«J phase modulated component being modulated by said subdata sigiT P P ^ 

6LA mulblevel demodulator for demodulating a composite modulated signal comprisinq a multilevel 
quadrature , ampfflude modulated component modulated by a first and a second mTn S sionT^d a 
phase modulated component modulated by a subdata signal, each of said first and Z second hi Tdata 
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signals being represented by first through n-th bits and having a first bit rate f, where n represents a 
positive integer which is not less than two. said subdata signal being represented by one of a first and a 
second binary value at a time and having a second bit rate f, which is not greater than said first bit rate 
divided by a predetermined natural number m, said phase modulated component having a first phase 
difference of plus a radian when said subdata signal is represented by said first binary value, where a is not 
greater than said phase modulated component having a second phase difference of minus a radian 
when said subdata signal is represented by said second * binary value, said demodulator comprising 
detecting means for phase detecting said composite modulated signal to produce a first and a second 
phase detection signal, wherein the improvement comprises: 

reproducing means coupled to said detecting means for reproducing a reproduced subdata signal and a 
first and a second reproduced main data signal in response to said first and said second phase detection 
signals. 

7. A multilevel demodulator as claimed in Claim 6. wherein said reproducing, means comprises: 
subdata reproducing means responsive to said first and said second phase detection signals for 

reproducing said reproduced subdata signal; and 

main data reproducing means responsive to said first and said second phase detection signal for 

reproducing said first and said second reproduced main data signals In accordance with said reproduced 

subdata signal. 

a A multilevel demodulator as claimed in Claim 7, wherein said subdata reproducing means comprises: 
analog-to-digital converting means responsive to said first and said second phase detection signals for 

converting said first and said second phase detection signals to a first and a second digital signal; and 
subdata producing means responsive to said first and said second digital signals for producing said 

reproduced subdata signaL 

9. A multilevel demodulator as claimed in Claim 8, wherein said subdata producing means comprises: 
logic circuit means responsive to said first and said second digital signals for carrying out a logical 

operation on said first and said second digital signals to produce a first and a second logical output signal; 

3no 

majority circuit means responsive to said first and said second logical output signals for carrying out a 
majonty decision on 2m-btts which are equal to a sum of m-bits of said first logical output signal and m-bhs 
of said second logical output signal to produce a result signal as said reproduced subdata signal. 

K). A multilevel demodulator as claimed in any one of Claims 7 to 9. wherein said main data 
reproducing means comprises: 

processing means coupled to said detecting means for processing said first phase detection signal to a 
first and a second processed digital signal and said second phase detection signal to a third and a fourth 
processed digital signal; and 

selecting means coupled to said processing means for selecting one of said first and said second 
processed digital signals and one of said third and said fourth processed digital signals in accordance with 
said predetermined one of the binary values of said reproduced subdata signal. 

n. A multilevel demodulator as claimed in Claim 10. wherein said processing means comprises: 
phase shifting means responsive to said first and said second phase detection signals for shifting a 
phase of said first phase defection signal to produce a first and a second phase shifted signal and a phase 
of said second phase detection signal to produce a third and a fourth phase shifted signal, said first and 
said second phase shifted signals having a leading and a lagging phase of a radian relative to said first 
phase detection signal, said third and said fourth phase shifted signals "having a leading and a lagging 
phase of a radian relative to said second phase detection signal; 

anatog-to-digrtal converting means responsive to said first through said fourth phase shifted signals for 
converting said first through said fourth phase shifted signals to said first through said fourth processed 
digital signals. K 

12. A multilevel demodulator as claimed in Claim 6. wherein said reproducing means comprises: 

converting means coupled to said detecting means for converting said first and said second phase 
detection signals to a first and a second converted digital signal; 

subdata reproducing means responsive to said first and said second converted digital signals for 
reproducing said reproduced subdata signal; 

man data reproducing means responsive to said first and said second converted digital signals for 
reproducing said first and said second reproduced main data signals in accordance with said reproduced 
subdata signal. 
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13. A multilevel demodulator as claimed in Claim 12. wherein said subdata reproducing means 
comprises: 

logic circuit means responsive to said first and said second converted digital slgnaJs for carrying out a 
ogjcal operation on said first and said second converted digital signals to produce a first and a second 
factor datum; and 

digital processing means responsive to said first and said second converted digital signals and said first 
and said second factor data for processing said first and said second converted digital signals and said first 
and said second factor data into said reproduced subdata signal. 

14. A multilevel demodulator as claimed in Claim 13. wherein said digital processing means comprises: 
a first multiplier responsive to said first converted digital signal and said first factor datum for multiplying 

said first converted digital signal by said first factor datum to produce a first multiplication signal- 

a second multiplier responsive to said second converted digital signal and said second factor datum for 
mulbp lyrng said second converted digital signal by said second factor datum to produce a second 
multiplication signal; 

a subtracter responsive to said first and said second multiplication "signals for subtracting said first 
multiplication signal from said second multiplication signal to produce a subtraction result signal- and 

a majority circuit responsive to said subtraction result signal for carrying out a majority decision on a 
succession of m bits of said subtraction result signal to produce a discrimination signal as said reproduced 
subdata signal. 

15. A multilevel demodulator as claimed in Claim 13, wherein said digital processing means comprises: 

a first multiplier responsive to said first converted digital signal and said first factor datum for multiplying 
said first converted digrtal signal by said first factor datum to produce a first multiplication signal- 

a second multiplier responsive to said second converted digital signal and said second factor datum for 
muK.ply.ng sard second converted digital signal by said second factor datum to produce a second 
multiplication signal; 

a subtracter responsive to said first and said second multiplication signals for subtracting said first 
multiplication signal from said second multiplication signal to produce a subtraction result signal- 

a dig.tal-to-analog converter coupled to said subtracter for converting said subtraction result'signal to an 
analog signal; 

a low-pass filter coupled to said digital-to-analog converter for extracting a predetermined band of said 
analog signal to produce a filtered signal; and 

an analog-to-digital converter coupled to said low-pass filter for converting said filtered signal to a digital 
signal as said reproduced subdata signal. 

IB. A multilevel demodulator as claimed in Claim 12. wherein said main data reproducing means 
compnses: 

logic circuit means responsive to said reproduced subdata signal for carrying out a logical operation on 
said reproduced subdata signal to produce a first and a second factor datum; and 

digital processing means responsive to said first and said second converted digrtal signals and said first 
and said second factor data for processing said first and said second converted digital signals and said first 
and said second factor data into said first and said second reproduced main data signals 

17. A multilevel demodulator as claimed in Claim 16. wherein said digrtal processing means comprises: 

a first multiplier responsive to said first converted digital signal and said first factor datum for multiplying 
said first converted digrtal signal by said first factor datum to produce a first multiplication signal- 

a second multiplier responsive to said second converted digital signal and said second factor datum for 
mutop ying sard second converted digital signal by said second factor datum to produce a second 
multiplication signal; 

a first adder responsive to said first converted digital signal and said second multiplication signal for 
adding sard first converted digital signal to said second multiplication signal to produce said first reproduced 
mam data signal; and 

a second adder responsive to said second converted digital signal and said first multiplication signal for 
adding said second converted digrtal signal to said first multiplication signal to produce said second 
reproduced main data signal. 

n„Jt h A J 1, f' l r l H d8m0 ? U , ,at0r ,0r demodula,in 9 a composite modulated signal comprising a multilevel 
quadratore arnplrtude , modulated component modulated by a main data signal and a phase modulated 
component modulated by a subdata signal, said main data signal being represented by first through N-th 
bits and having^ a first brt rate f. where N represents an odd number, said subdata signal being represented 

«l a inary va,ue * a *™ "* ^ * second » <*» f » *** * «* 9^ 

than said first bit rate drvided by a predetermined natural number m. said phase modulated component 
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having a first phase difference of plus a radian when said subdata signal is represented by said first binary 
value, where a is not greater than »/2", said phase modulated component having a second phase difference 
of minus a radian when said subdata signal is represented by said second binary value, said demodulator 
comprising detecting means-for phase detecting said composite modulated signal to produce a first and a 
second phase detection signal, wherein the improvement comprises: 

reproducing means coupled to said detecting means for reproducing a reproduced subdata signal and a 
first and a second reproduced main data signal in response to . said first and said second phase detection 
signals. 
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